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A study of blood constituents in normal individuals was undertaken to (a) estimate the contribution of biological and analytical factors to the variation of constituents over an extended time period; (b) to explore whether such tests can be used to derive meaningful personal blood "profiles"; and (c) to determine when analytic variation may become large enough to assume medical significance.
This first paper describes procedures for subject selection, the laboratory methods employed, and evaluates analytic standard deviations. A group of 68 normal subjects was selected after medical evaluation. Sera were collected and analyzed in duplicate weekly for 10 to 12 weeks. Analytic deviation was estimated from the results of concurrent daily analyses of sterile pools of human serum. Laboratory procedures were introduced to reduce analytic deviation and to allow more accurate estimation of biological components of variation within and among individuals. The second report of this series discusses the statistical estimates of biological components of variation in the chemical analysis of serum (7). In the third report, we consider some medical implications of these results and their significance for setting standards of analytic precision (8).
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Materials and Methods
Selection of Normal Subjects
The 68 adult subjects selected for this study were judged to be normal on the basis of medical evaluation.
All were employees of the National Institutes of Health, and included nurses, laboratory technologists, pharmacists, physicians, and clerical and maintenance personnel. Medical evaluation was based on the following information:
(a) a pre-employment medical examination several months to several years previously;
(b) medical examination, including clinical history and physical examination during or at the end of each subject's period of study; (c) employee health-service records, which include annual chest x-rays and visits for illness or injury; and (d) additional clinical information from the subject's physician when indicated. The subjects were examined in 10 subgroups.
The demographic composition of subjects is shown in Table 1 . There were almost equal numbers of males and females, but more than twice as many Caucasians as Negroes. Over half the subjects were less than 30 years old. Conditions of Blood Collection
The conditions for collection of blood were consistent throughout the study. Subjects reported after overnight fasting on each of the 10 to 12 weekly collection days of their study period (only 7, 8, or 9 collections were obtained from three subjects). All collections were made between 8:30 and 9:00 a.m. Blood was drawn through a 16-or 17-gauge needle at least 15 mm after each subject was seated. Although a tourniquet was used to distend the antecubital vein, it was released once the needle was inserted, to avoid venous stasis. Approximately 50 ml of blood was collected by gravity into three types of containers, to provide the samples indicated in Table 2 .
Processing of Blood Samples for Analysis
Each sample was assigned a unique identifying number, and all information relevant to it was processed through the card-processing system described previously (9). The data were transferred later to magnetic tape for processing by the central computer facility. Serum was separated from cells within an hour of collection.
It was unnecessary to reject any samples because of hemolysis or lipemia. Samples for electrolyte analysis were protected from exposure to air by collecting and transferring them under mineral oil, and by covering them with a "Parafilm" disk in AutoAnalyzer cups. All samples were analyzed in duplicate, separated in no set order in each analytic run, on the day of blood collection.
Analytic Methods and Procedures
The analytic methods and the volume and nature of the sample used for each of the 15 chemical tests performed during the study are summarized in Table 2 . In Figure 2 the schedule of examination of the 10 subgroups of subjects is correlated with certain changes in laboratory procedures and in serum pooi samples used for quality assurance and evaluation of analytic variability. Two serum pools that were used during and after the last subgroup are included, to determine the effects of changes in procedure made during the study of subgroup 10. Instead, we chose to use frozen pooled serum samples prepared from normal or patient sera; these were analyzed during the study of subgroups 6 to 10 to provide estimates of analytic variability (Figure 2 ). Of the seven pools of human serum analyzed during the course of this study (Figure 2) , the first three (Pools A to C) were derived from normal donors, and the other four (D to G) were prepared from residual sera pooled from at least 2000 patients. The normal serum pools were processed on the day of collection; the pools from patients' serum samples were sterilized by Seitz filtration. No preservatives or chemicals were added to the samples.
Each pool was divided into 15-ml aliquots in glass vials and stored at -20#{176}C, except Pool D, which was lyophilized, stored at 4#{176}C, and reconstituted with distilled water immediately before use.
Use The effects of method changes on the variability of analyses within a sample could he assessed from the duplicate analyses of samples from the normal subjects.
The average standard deviation and co- No change in method efficient of variation of duplicate analyses before and after a method change are listed in Table 4 . The effect of method changes on within-sample variability was similar to that of day-to-day variability (measured on serum pools). Mechanization of the phosphate, total protein, albumin, and uric acid procedures decreased the average coefficient of variation between duplicates to a uniformly low value of 1.6 to 1.7% compared with values up to 4% when these analyses were performed manually.
Discussion
When laboratory results, obtained periodically on a subject, are to be compared over a protracted period, evaluation of long-term reproducibility and accuracy of test procedures becomes especially important.
Our results demonstrate that the degree of analytic variability may be altered substantially by changes in procedures.
Such changes are likely to occur during a protracted study if advantage is taken of continuing advances in instrumentation and methodology.
In the present study, mechanization of procedures by use of the AutoAnalyzer improved the reproducibility of results. Some loss of precision was encountered in changing kinetic enzyme assays for SGOT and LDH from a manual to a partially mechanized method, probably because reaction measurement time was decreased at the same time. Specificity and sensitivity are additional factors to be considered.
The procedure for neither uric acid nor glucose used in this study is specific for the constituent, but the concentration of other interfering (reducing) substances in normal serum is low. The sensitivity of analytic procedures used was less than optimal for fine resolution of values within a normal range, since they were designed to accommodate a wider range of values in a patient population.
Our study of analytic sources of variability in assay results is pertinent to the interpretation of data from programs of health evaluation and multiphasic screening.
It is essential to know the contribution of analytic variability to overall variability in order to achieve meaningful interpretations of differences in results within an individual or among individuals (8). Units as in Table 3 . 5Computed as the square root of the average variance.
